Latin proverb says a well-beaten path does not always make the right road. The same idea is raised by Way et al. 1 article, this issue, where the authors address the question of prioritisation of genes underlying signals identified by genome-wide association studies (GWAS). In many cases, there is an accepted standard when GWAS reports novel signals within non-coding regions and names these loci by the nearest gene. The idea behind such a simplification is that the functional interpretation of DNA variability is challenging and often research groups do not have enough supportive datasets or methods available to assign genomic effects to the underlying pathways or causal genes. Way et al. 1 address this issue by developing an innovative computational method that performs a Gene Ontology (GO) analysis and implicates the genetic content of topologically associating domains (TADs) 2 through a pathway overrepresentation test.
TADs are large self-interacting chromatin domains that were proposed for the first time following a series of Hi-C data experiments. 2 Both the strong conservation between species and the remarkable stability of such regions provide the connection to the fundamental organising principle of a genome. Briefly, TADs are collections of many chromatin loops separated by clear borders enriched with the insulator binding protein CTCF, housekeeping genes, transfer RNAs, constant timing regions (CTRs), and short interspersed nuclear element (SINE) repeats ( Figure 1 ). [2] [3] [4] [5] Moreover, TADs are stable during replication-timing period and are suggested to coordinate gene expression. 4 Indeed, a large extent of the TADs borders are conserved between different cell types in humans and even more between mouse and human species making them a valuable source for dissecting molecular mechanisms underlying variability of a trait or disease. 2, 5, 6 The method implemented in the TAD Pathways, proposed by Way et al, is a simple and elegant solution for the researches interested in revealing the causal genes underlying association signals that are located in both coding and non-coding regions. 1 The criticism of this approach could be based on the usage of TAD regions previously determined by Dixon et al.; 2 however, the sophism of this situation is that we are yet limited in understanding of the exact TADs organisation. While working with any mapping of the TADs, it is important to remember that there is a variety of tools assessing the TADs organisational division, whereas almost each tool is based on a range of assumptions that are specific and important in each particular experiment, that is, type of Hi-C signal, size distribution, chromosomal organisation of different species etc. [7] [8] [9] Thus, in the context of today's reality, the implementation of already established TAD boundaries is a rational way to improve the quality of functional characterisation for association signals in GWAS reports. The TAD Pathways method is the first step to relate the 3D genomic structure genomewide to the annotation of novel associated variants. The authors demonstrate application of their approach on the example of bone mineral density (BMD) phenotype where they define the previously suggested ARH-GAP1 gene at the BMD-associated rs7932354 variant as a false-positive, and implicate as causal ACP2 gene, a novel regulator of osteoblast metabolism, located nearby. 1 Such situations could potentially be exemplar to the researchers studying phenotypes that do not have adequate animal models, for instance, age at natural menopause or traits associated with human-specific imprinted genes. 10, 11 In addition, while analyses of cisand trans-eQTLs are among the most popular follow-ups to determine the altered expression of a gene affected by a detected signal, their power is often limited by the tissue in which expression was measured as it does not necessarily correspond to the expression pattern predicted for a specific variant. 12 An improved mapping of TADs could also potentially be of interest to address this issue due to their ubiquitous distribution across cell types. Whilst the quality of Hi-C resolution is constantly improving, it is worth expecting development of other competitive approaches and therefore more discoveries relating TADs genic content to novel and already established GWAS signals.
